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Abstract

Hydroxyapatite (Ca;o(PO4)s(OH),, HA), the major inorganic component of
human bone and other hard tissues, has been used extensively for biomedical implant
applications due to its good bioactivity and excellent biocompatibility. However, the
poor mechanical properties of HA ceramic have limited its clinical applications. For
this reason, a great deal of research has concentrated on the development of HA
coatings and/or composites. Special attentions have been devoted to deposit HA
coatings on the surface of biomedical metals in the field of biomedical materials.
There is growing interest in the fabrication of HA coatings by the process of
electrophoretic deposition (EPD), due to its ability to form uniform coatings on
complex substrate and flexibility to control the structure and composition of coatings.
The main problem encountered in the fabrication of HA coatings by EPD is the
unsatisfactory bonding strength between the coatings and substrates. This work
focuses on the further improvement of both the bonding strength and biological
performance of HA coatings. Experiments were conducted to study the process of
electrophoretic deposition of HA coatings as well as the related fundamentals in
electrophoretic deposition, basing on the previous results gained in our lab. Moreover,
an attempt was taken to modify the surface of HA coatings to enhance the biological
performance of HA coatings. Researches involved in this work are summarized
below.

Firstly, absolute ethanol was used as dispersing medium and the parameters related
to the suspension property were examined in details. The influences of suspension
properties on the EPD of HA coatings were studied and scanning electron microscope
(SEM) was used to observe the surface morphology of HA coatings. Results show
that the pH played a significant role in the properties of the suspension. The average
size of particles increased as pH increased. Zeta potential firstly increased, gaining a
maximum at pH 2.9 and then decreased as pH increased. The conductivity of
suspension firstly decreased and then increased as pH increased with a minimum at
pH 7.4. The suspension exhibited a good stability under the acidic condition (pH
1.4~6.9) and lost its stability under a basic condition. In addition, Zeta potential
showed an aging effect, namely, gaining an increase in magnitude in the first three
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days and then keeping nearly constant. The parameters related to the suspension
property had a significant influence on the process of EPD. The deposition rate under
a constant-voltage EPD increased firstly, gaining a maximum at pH 2.9, and then
decreased as pH increased in the range of pH 1.4~6.9. In addition, the deposition rate
was affected by aging time and showed an increase in the first three days. The
coatings deposited from a suspension of needle-like HA were ready to be cracking.
The crack was minimized at pH 2.9. The suspension with pH~2.9 (conductivity
about 11~12 ps-cm™) and an aging time of 1~2 d is suitable for EPD.

Secondly, the formation of cracks was studied and the method to control cracks was
presented. Basing on the deposition mechanism of double layer distortion and
thinning and the experimental observation of cracks, the formation of cracks was
illustrated by a qualitative description. The transmission of ions in the double layer is
hindered as the growing deposit, leading to an insufficient depletion of ion by
electrode reaction. This reduces the thinning degree of double layer for particles in the
outer layer of deposit, increasing both the salvation of particles and separation
between two particles in contrast to that of inner layer of deposit. As a result, cracks
increase as the thickness of coatings grows. Multi-deposition method can been used to
control the cracks. As the vaporization of solvent, the surface charge of particles in the
deposit is reduced, decreasing the thickness of double layer, diminishing the particle
distance and as a result leading to a lower resistance of deposit which paves the way
for the subsequent deposition and restrains the formation of cracks.

Thirdly, the combination of electrophoretic deposition and reaction bonding was
applied to prepare HA/AI,Os composite coatings and the relationship between the
composition and structure of composite coatings was studied. Scratch test was used to
estimate the bonding strength. Results show that the chemical composition of HA/Al
composite coatings can be adjusted by the variation in the Al powder content of
suspensions. The sintering degree and density of HA/Al,O; composite coatings were
significantly enhanced by the application of reaction bonding process. As the density
of composite coatings increased with the increasing content of Al element, the
structure of composite coatings can been controlled by the variation in the Al powder
content of suspensions. The bonding strength of HA/Al,O3 composite coatings firstly
increased and then decreased as the content of Al element increased. The suspension

with the content of Al powder in the range of 10~20 wt% is suitable for the
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fabrication of HA/Al,Os; composite coatings and such prepared coatings gain a
relatively high bonding strength.

Finally, biomimetic mineralization was utilized to modify the surface of HA
coatings prepared by electrophoretic deposition. Collagen was deposited onto the
surface of HA coatings by the self-assemble of collagen. The collagen layer on the HA
coatings was subsequently fixed by biomimetic mineralization. After this two step,
the surface of HA coatings was modified by a lay of organic/inorganic composite.
Keywords: coatings; electrophoretic deposition; hydroxyapatite; suspension; surface

modification
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